2 of these findings. None of these anatomic abnormalities were associated with thromboembolic events after adjustment for potentially confounding comorbidities.
Introduction
CT Coronary Angiography (CTCA) has been established as the gold standard for non-invasive definition of coronary anatomy [1] [2] . In addition, electrocardiographically-gated (ECG) multidetector CT (MDCT) scans have allowed for unprecedented three-dimensional spatial resolution for morphologic evaluation of the left atrium [3] [4] . As a result of constant enhancement in MDCT imaging, numerous previously undescribed left atrial anatomic abnormalities (LAAA) including accessory appendages, diverticula and septal pouches have been identified with remarkably high prevalence [3] [5]- [13] .
The discovery of these LAAA is relatively new; however, their clinical significance remains unclear. Better understanding of LAAA has the potential to enhance management and reduce their potential complications. Additionally, proper identification of these structures radiographically is essential, as they can often be mistaken for post-ablation injuries rather than anatomic variants. Atrial fibrillation originating from the left atrium has been implicated in cerebrovascular accidents (CVA) and transient ischemic attacks (TIA) [14] [15] . Recently, ectopic fibrillatory activity and thrombus has been described in patients with accessory appendages and diverticula [10] [13] [16] [17] . Septal pouches, given their blind end morphology, have been implicated in case reports of thromboembolic disease as well as arrhythmia [5] [18]- [20] .
We performed a blinded retrospective analysis in a series of patients who underwent CTCA to determine the clinical significance of these LAAA with regards to embolic potential and arrhythmogenic burden with the hypothesis that the presence LAAA is associated with these clinical findings. Patients with the presence of LAAA were reviewed for the presence of embolic events as well as occurrence of documented arrhythmia and palpitations and were compared to a control group of scanned patients without LAAA.
Methods

Patient Selection
We conducted a retrospective analysis of 302 consecutive patients who underwent clinically-indicated CTCA for coronary evaluation performed with our current imaging system at the George Washington University Hospital from 2007 to 2012. Patients met selection criteria if they underwent clinically indicated CTCA and had complete clinical histories available for review. A clinical history was determined to be complete if it could be assessed for demographic information, pertinent medical history, and the CTCA indication. Complete clinical histories were available for 242 patients (mean age 56 SD 12 years, 41% female). The team of clinicians analyzing patient charts was blind to the presence or absence of LAAA. Our institutional review board approved the investigation and provided a waiver of informed consent for this retrospective study.
Image Acquisition
Patients underwent clinically indicated CTCA performed with 64-row MDCT (GE Lightspeed VCT; GE Healthcare, Waukesha, WI) with the use of a test-bolus method for image acquisition timing. All patients were in sinus rhythm and were treated with metoprolol tartrate to achieve a resting heart rate of less than 65 beats/min. Patients were also premedicated with 0.4 mg of sublingual nitroglycerin before image acquisition. Iodixanol or iopamidol contrast was injected through an upper extremity peripheral intravenous catheter with the use of a triphasic administration protocol (mean contrast volume, 115 ± 4 mL; range, 100 -145 mL). Image acquisition was timed to peak contrast enhancement in the aortic root during end-inspiratory breath-hold. CTCA (0.625-mm collimation) was performed with a tube voltage of 120 kVp and a weight-based determination of milliAmperes. ECG-gating was preferentially prospectively triggered unless significant R-R variability was seen during test bolus administration, in which case the CTCA was retrospectively gated.
Image Interpretation
All CT images were retrospectively reviewed by a team of radiologists (authors SR and RKZ). The radiologists interpreting images were blinded to the patients' clinical histories. All abnormal anatomical outpouchings visualized in the left atrium were recorded and detailed according to their morphology: accessory appendage, diverticulum, or septal pouch. Any structure with a discernible ostium at the left atrium with a neck and body that displayed irregular contours suggesting the presence of pectinate muscle was deemed an accessory appendage [6] . An atrial diverticulum was identified if the structure had a saclike or tubiform shape with a broad based ostium and a smooth contour to its body [6] [11] . The interatrial septum was surveyed to assess for completeness of fusion of its components. When fusion was noted only at the caudal limit at the zone of overlap of the interatrial septum, the resulting pouch opening into the left atrium was defined as a septal pouch [5] . Representative images of accessory appendages are shown in Figure 1 . Presence, absence and number of left atrial accessory appendages, diverticula and septal pouches were documented in each case. The presence or absence of thrombus within each LAAA was also noted.
Clinical History Analysis
The team of clinicians (authors AVV and BGC) independently reviewing patient charts for pertinent clinical histories was blind to the radiographic findings. Patient charts were reviewed for demographic information including age and sex, history of documented ischemic CVA, TIA, arrhythmia, patient-reported palpitations, medications, and indication for CTCA. A detailed review of confounding variables such as systolic and diastolic blood pressure readings, diabetes, and lipid values was also performed. If multiple recordings were present for any confounding variable, the recordings closest in temporal proximity to each patient's CT were chosen.
Statistical Analysis
To prevent bias and ensure study blindness, the clinical data and radiographic findings were compiled together by an independent statistician at our institution. Demographic data were summarized by mean ± standard deviation or by frequency distributions as appropriate. Frequency of LAAA and clinical events were tabulated. The association between clinical events (CVA or TIA, atrial fibrillation, and palpitations) and LAAA were described using odds ratios (OR) and 95% confidence intervals (CI). Fisher's exact test was used to determine the significance of an association between a clinical event and LAAA at a p < 0.05 level. Two sample t-tests were used to examine differences in age between those with and without abnormalities and chi-square analysis was used to examine frequency differences between those with and without abnormalities. Multiple logistic regression models analysis was performed for those LAAAs and clinical events that had a significant bivariable association. The multiple logistic regression models included covariates that could potentially confound the association be- 
Results
Of the 242 patients retrospectively reviewed (144 men and 98 women), mean age was 56 SD 12 years. The most common indication for CTCA was chest pain (70%). Hypertension was present in 133 patients (55%). Forty patients (17%) had a history of diabetes. Ninety patients (37%) had a history of dyslipidemia. Detailed demographic information, medical history and CTCA indications for the study cohort are detailed in Table 1 . Among the patients, 68 (28%) demonstrated a total of 76 accessory left atrial appendages. Fifty-three patients (22%) had a combined number of 59 left atrial diverticula. Ninety-three patients (38%) had septal pouches present. The mean age was 56 SD 12 years in patients with accessory left atrial appendages, 60 SD 11 years in patients with diverticula, and 58 SD 11 in patients with septal pouches. Those patients with diverticula and septal pouches were significantly older than those without these abnormalities (p = 0.01 and p = 0.02, respectively). Patients with septal pouches were more likely to have a documented history of diabetes (OR: 2.29; 95%CI: 1.15 -4.54) when compared to those without septal pouches. Twenty-nine patients (12%) had a documented embolic history of CVA or TIA. Ninety-five patients (39%) had a documented history of atrial fibrillation or reported palpitations. The proportion of LAAA and clinical events is detailed in Table 2 . No thrombi were identified in either LAAA or the left atrial appendage in any patient.
Bivariable analysis of each LAAA independently revealed that when compared to patients without the specified abnormality, patients with a demonstrated accessory appendage or septal pouch were 2.46 (CI 1.04 -5.79) times more likely to have a history of CVA or TIA, patients with accessory appendage were 2.55 (CI 1.43 -4.55) times more likely to report palpitations, and patients with accessory appendage were 2.02 (CI 1.14 -3.56) times more likely to have a history of atrial fibrillation or reported palpitations. No statistically significant clinical associations were identified with left atrial diverticula. Complete unadjusted results for the association between LAAA and clinical events are found in Table 3 . After adjusting for age, sex, hypertension, dyslipidemia and diabetes via multiple logistic regression, the only clinical association retained with LAAA was a history of reported palpitations in patients with accessory appendages (OR: 1.80; CI: 1.03 -3.16). None of the other associations between LAAA and clinical events were significantly elevated after controlling for the previously mentioned covariates. 
Discussion
To our knowledge, the present data are the first to show significant associations of accessory left atrial appendages, diverticula, and septal pouches with clinical variables. Our findings are hypothesis generating as they suggest that accessory appendages may be clinically significant and should be considered for additional investigation. In this retrospective study of patients being examined for coronary disease, a higher proportion of patients with LAAA reported palpitations. Our results may hold relevant implications in the evaluation of patients with palpitations if they possess accessory left atrial appendages. In our analysis, left atrial diverticula and septal pouches appear to be benign findings clinically; however, their investigation provides a novel understanding of their associations with patient age and confounding medical history. We have demonstrated that accessory left atrial appendages are associated in patients with reported palpitations. The prevalence of accessory appendages in our investigation (28%) is in congruence with preceding studies which have shown prevalence between 10% -28% [6] [7] [9] [12] [21] . Moreover, accessory left atrial appendages have been implicated as the source of ectopy in patients with symptomatic atrial fibrillation refractory to medical treatment [16] [17] . Although some have contended the clinical significance of accessory appendages, describing these structures as anatomic variants as opposed to pathologic findings, the current analysis attempts to elucidate this question [6] . Two recent studies found no difference in prevalence of left atrial accessory appendages and diverticula between patients with atrial fibrillation and patients in sinus rhythm [9] [12] . The present study is novel in its examination of each LAAA as the independent variable in assessing its association with arrhythmia. Palpitations may be associated with arrhythmia; the arrhythmogenicity of accessory left atrial appendages is yet to be established but the found association suggests additional investigation may be warranted.
By definition, the cardinal difference between accessory appendages and diverticula of the left atrium is the composition of their wall structure. Diverticula are smooth walled, can be tubiform, and lack the pectinate muscle which define accessory appendages [6] [11] . Well characterized in the literature, the pectinate-lined left atrial appendage is an anatomic outpouching not only implicated in arrhythmia, but is also a common location for thrombus formation [14] [22] . Interestingly, pectinate muscle of the right atrium has been shown to contribute to wave breakup and fibrillatory activity and has been speculated to act as anchor points for reentry in atrial fibrillation [23] . Thus, it is conceivable that these accessory appendages in the left atrium, with trabeculated walls composed of pectinate, may serve as a nidus for atrially-based arrhythmias when compared to smooth-walled diverticula. This observation has clinical importance because evidence linking such a prevalent anatomic abnormality to patient-reported palpitations has the potential to provide further insight into the mechanism of arrhythmia.
This study is the first to examine the association between LAAA and embolic events in patients undergoing CTCA. The current analysis shows that association of accessory appendages or septal pouches with CVA or TIA disappears after adjusting for age, sex, hypertension, diabetes and dyslipidemia. This finding is in accord with a recent study by Tugcu et al., which found no association between septal pouches and ischemic strokes in patients evaluated by trans-esophageal echocardiography [24] . The left atrial appendage's role in systemic embolization has been established; however, the pathogenesis of embolic events in patients with LAAA has been a subject of debate. Krishnan et al. theorized that septal pouches, which have access to the systemic circulation, comparable to the left atrial appendage, may serve as a site for thrombus formation and embolization especially during low flow states [5] . In fact, thrombi originating from aberrant spaces within the interatrial septum have been implicated in individual case reports of patients with coronary emboli and TIA [18] - [20] . Thrombi within accessory left atrial appendages and diverticula have been described in previous case reports as well [10] [13] [17] . Our findings do not show any association between diverticula and CVA or TIA. Consistent with several prior studies, our image analysis did not show evidence of thrombi within accessory appendages, diverticula or septal pouches [6] [7] [9] [12] . Nevertheless, given the high prevalence of LAAA, consideration of evaluation for thrombi within LAAA prior to electrophysiologic procedures may be useful for clinical management and risk reduction.
In the current study, patients who possess septal pouches and diverticula are statistically older than those patients without these abnormalities; no association with patient age is observed with accessory appendages. Our reported prevalence of septal pouches (38.4%) is within the range described in the literature (29.1% -39%) [5] [24]. Our analysis has shown that patients with septal pouches are also more likely to be diabetic. The association between diabetes duration diastolic dysfunction has been shown [25] . Further, diastolic dysfunction has been frequently implicated in left atrial remodeling [26] , which could explain the formation of septal pouches in older patients with diabetes. A possible explanation for diverticula being associated with increased age is that, similar to diverticula in other tissues, focal weaknesses in the atrial wall may develop over time. Unlike septal pouches and diverticula, no association is seen in the current study between accessory appendages and patient age. This finding provides further support to the several studies which have hypothesized an embryologic origin of these structures [9] [27].
This study is not without its limitations. Although CTCA is useful in distinguishing between the various LAAA, characterization of these structures was unable to be verified histopathologically. This being a retrospective study, ectopic activity was not individually assessed within each LAAA and was therefore determined by clinical history. Although our study was appropriately powered, it was limited by the availability and content of complete clinical histories. LAAA identified in our investigation were studied uniquely in patients undergoing CTCA. As a corollary, current findings may not reflect prevalence in the general population, and the presence of these anomalies in older patients may be due to selection bias. Previous studies have posited a congenital or embryologic origin for LAAA; however, the clinical associations of these structures have only been examined in adults. Their developmental history warrants further elucidation, as this knowledge will be invaluable to the complete clinical understanding of LAAA.
Conclusion
Accessory appendages, diverticula and septal pouches are highly prevalent anatomic abnormalities of the left atrium, increasingly identified by MDCT. The pectinate-lined accessory appendages have a high association with palpitations. Despite their blind-end morphology, no LAAA is associated with CVA or TIA. Septal pouches and diverticula are associated with increased patient age and, and septal pouches are additionally associated with a history of diabetes. Left atrial diverticula appear to be clinically benign. Further study of LAAA with larger prospective cohorts is warranted.
